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A RapID [TEM-SEARCH PROCEDURE FOR BAYESIAN ADAPTIVE TESTING

In recent years, a number of strategies for administering adaptive tests
) have been developed. Among the more elegant of these is the strategy developed
4 by Owen (1969, 1975). This strategy is based on a statistical model developed
from Bayes' theorem (Phillips, 1973) and modern test theory (Lord & Novick, 1968).
At the beginning of test administration under this strategy, an initial estimate
of the testee's ability is needed. This is operationalized as a mean (reflect-
ing the test administrator's estimate of a testee's ability level) and a
variance (reflecting the confidence the administrator places on the estimate)
of a normal-shaped prior ability distribution. In the absence of any prior
information about the testee, the prior distribution may be simply the
distribution of ability in the population from which the testee was sampled.

3 During the course of testing, the goal of Owen's strategy is to refine the
initial ability estimate. Given the prior distribution, this goal is approached
by choosing as the first item to administer the item in a pool of items that

is expected to best refine the ability estimate. Having administered this item,

a new ability estimate is calculated from the prior ability distribution and the
item response. This posterior distribution then becomes a new prior distribution,
and the process of item selection, administration, and scoring is repeated. The
process continues until either a certain degree of refinement is attained or a
pre~-specified number of items have been administered.

Because of the complicated calculations required as each item is administered, i
Owen's Bayesian adaptive testing strategy must be administered by computer. }
However, the amount of calculation required between items is still great enough
that substantial time delays may occur between items. This is due partially
to the calculations required to refine the ability estimate after each item is
administered. But to a much greater extent, it is due to the inefficient
procedure suggested by Owen for finding the most appropriate item to administer.
Since Owen's item-search procedure works best with large item pools (Urry, 1971),
and because the time it requires increases with increasing item-pool size,
the search time required to select the appropriate item at any stage will be
large for properly constituted item pools. Although delays between item admin-
istrations will have no direct effect on the psychometric properties of the
procedure, they might well introduce undesirable psychological effects on test
scores (e.g., Betz & Weiss, 1976a, 1976b).
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This paper reviews the conceptual and mathematical bases of Owen's item-
search procedure and proposes a more efficient and much faster technique that
is particularly useful with large item pools.

v-vl‘v ".’ p.‘-

Owen's Original Procedure

At each stage of the testing process, Owen's strategy seeks to administer
that item which minimizes the expected variance of the posterior ability distri-
bution. This may be accomplished by minimizing what Owen refers to as the beta
(B) function.
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Where 7 indexes an item, let:

- normal ogive discrimination index of item <7,

%
™ bi = normal ogive difficulty index of item %,
i e; = probability of a correct response due to random
guessing on item 7,
U, = mean of the hypothesized normal prior ability distribution,
02 = variance of the hypothesized normal prior ability distribution,

Lo (-2 7
D (bi uo) 2(ai + UO) [1]

o

X-' = %(1-ERFN(D)), [2]
and 2 a5 i

E. e -t 3
E ERFN(zx) \/r/; 2 dt [3)
; Then:
"~ B, = (1-e.)~! (1 + 0=2a=2) (1-k"') [e.+(1-c. )K" )e " . (4]
R ) 7 o % 7 1
i Bi is a function of five variables: a., biy @5 U o and 7°.  When searching
g for an item, the prior distribution and, thus, M and 7{, are constant. For

convenience, e; is also usually assumed to be constant. Therefore, when searching

for an item to administer, Bi is a function of only 2. and b..

Figure 1 is a plot of the values of the beta function for 313 items from a
real item pool plotted as a function of @ and b with Uc’ o? and @ respectively

fixed at 0, 1, and .2. Given a finite pool of items such as this, Owen suggested
calculating the beta value for each item and choosing the item for which that
value was a minimum. This amounts to (symbolically) generating a plot like that
shown in Figure 1, and choosing the item corresponding to the lowest dot.

-

!

With a pool of 500 items, Owen's search procedure may require over five
seconds of computer time for each item selected on a relatively sophisticated

e e

% minicomputer. This is equivalent to over five minutes of computer time just to |
ﬁ select items for a 60-item test. 1In a simulation study such as that reported by |
. McBride and Weiss (1976), selecting items for the 15,000 simulated subjects

¢ needed to calculate one information curve would take over two weeks of computer

P time if a real item pool were used. Obviously, some refinement in the search

g procedure would be welcome, for use in both live-testing studies and computer

8 simulation studies with real item pools. ;
i- A More Efficient Search Procedure 5

Conceptualization

e

In Figure 1, it may be noted that the low dots (i.e., items) appear in one f
area of the plot and that the dots get higher as a function of the distance from
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Figure 1
Beta Values of 313 Test Items with u =0, o;=l.0, and ¢=.2
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that area. If Figure 1 is viewed as a continuous plot of the beta function,

for every value of a, there is one value,M, of b for which B is minimum. £ appears
to be a monotonic increasing function of |b-M|, and a monotonic decreasing
function of a. These observations can be combined to create a more efficient
item-search strategy.

The best item for minimizing beta will be a highly discriminating item with
difficulty of b=M. Therefore, an efficient item search should begin at the
point where b=M and a is at the upper bound of item discrimination in the pool.
The search could then proceed by first evaluating items close to that point and
then working outward, while keeping track of the beta value of the best item
yet found. The search should end when no item in the area of the plot yet
unsearched could possibly have a lower beta value than the currently best item.

The point at which no possibly better items remain can be determined,
conceptually at least, by plotting an iso-beta contour (a curve described by the
intersection of a plane parallel to the a-b plane with the beta surface, like
the curve shown in Figure 2) through the currently best item. All points within
the curve have lower beta values than any points outside the curve. Therefore,
when all the area inside the curve has been searched, no better items will be
found.

Unfortunately, a digital computer is not equipped to handle this conceptual
graphic search very well, so a discrete approximation must be implemented. This
is accomplished by blocking the a X b item-pool plot into rectangles and searching
the rectangles one at a time. Figure 2 shows an item pool plot so divided with
each block numbered for ease of reference.

Example

The search procedure was implemented in the blocked item pool shown in
Figure 2. With uo, O;, and ¢ defined as before, when M was evaluated at 2=2.8

(the a-value of the most discriminating item in this pool), M=-.274; thus, the
search began in block 3, which contained two items, the better item having a beta
value of .440. The conceptual iso-beta contour is plotted through this item in
Figure 2. The boundary values of beta at 5»=-1.0 with 2=2.8 and 2.4 were evalu-
ated, and it was determined that all lower blocks in row 1 (blocks 1 and 2) fell
outside the iso-beta contour and thus were not searched. The upper boundaries of
block 3 were then evaluated and block 4 was searched. No better items were
found in block 4. The upper boundaries of block 4 were evaluated, and it was
determined that no higher blocks in row 1 could contain better items, so they
were not searched.

Next, a new value of M, with a fixed at 2.4, was calculated to be ~-.280,
and block 9 was searched but no better items were found. The upper boundary of
block 8, at b=-1.0, and the lower boundary of block 10, at »=0.0, were evaluated.
These boundaries were both outside the iso~beta contour and therefore, no more
blocks in this row were searched. A new value of M was calculated at a=2.0
and the beta at that point was found to be .453, a value higher than that of
the currently best item. Since this was the minimum value of beta that could
be obtained with items of 2=2.0 or less, the remainder of the item pool was
not searched. 1In all, three of the 36 blocks were searched.
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| Figure 2
A Blocked Item Pool
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Mathematics Necessary for the Procedure

M is found by setting the first partial derivative of B with respect to b
equal to zero for the given value of a.

Let:
F=(l-c)'1(1+052a'2) (5]
e+ (1-e) k112" (6]
Then:
B=F(1-K~1)H. [7]

: s 2 :
For iixed a, ¢, and 00, F is a constant. Therefore:

B =130 | p3(1-KTY)
5 = FlQa N + B [8]
2
pe Yy Sl e
9B S o ] 91
2
108 P i T ) 2:? Solo
= = = p— = e (200 )] (10]
DZ
3H 1 [ e ]
—_— = He4D + — (C'l) . [11]
LN VT
Expanding and rearranging:
2
%%= Fe(1-K-1) ————e?—— ([6+(1—0)K"] ¢
\/2(a‘2+0;)
I* 1 1
4De” + ———— | + — (c—l)) ; [12]
( \47(1-K-1)) Vi

which is equal to zero if and only if

—%=—(c-1)) [13]

2
Q= ([cﬁ(l-c)K-l](LDep + -——) + -
Va (="l b

is equal to zero.
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The root of & at which B 0 and B is a minimum can easily be found using

the Newton-Raphson iteration. The derivation of & needed in the procedure is
given below.

Let: S=(c + (1-e)K™ 1) [14]
2
T=(4Dep + —-—1—-—> [15]
Vr(1-k ™)
: 1
=ST + —= (c-1) [16]

N

% "% % [17]

o (c—l/(eDZVZN(a'Zﬂyé) ) [181

b
D? -2D?
aT e 2 e
—_ = 448D - T [19]
ob 5 (242 ( m(1-K 1)2>
2(a +Oo)

Block Size

Using (uo—c) as the initial value of b, the Newton-Raphson procedure typi-

cally converges to Ab<.0l in two cycles and to Ab<.0001 in four. The precision
needed is dependent on the size of blocks used. With block widths of 0.5b and
0.3a, no deficit in performance was noted (as would be evidenced by the rapid
search prodecure choosing an item different from the one chosen by the full
search procedure) when a convergence criterion as crude as Ab<.1l was used. The
danger in using a crude estimate of M is that the search may stop a row too soon
and miss a good item. If a few misses could be tolerated, some time would be
saved by accepting as the minimum beta for a level of a that value of B obtained
when evaluated at b=uo—c. For research purposes, this may not be tolerable,
however, and the value of beta at b=M must be determined.

The equations necessary to determine the optimal size and spacing of the
blocks in the a X b grid have not been developed. Conceptually, it seems that--
given a pool of items and some assumptions about the distribution of ability
in the testee population--there should be an optimal size for each block to
minimize the required search time. But in the absence of the mathematically
optimal solution, there are two relevant considerations. First, each block
will require additional computer memory. Furthermore, the procedure requires
an amount of computer time slightly greater than that required to evaluate
one item in order to determine whether a block could conceivably contain a
better item.
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Timing Comparisons in Three Item Pools

For timing comparisons reported below, grids of two levels of resolution
were used. For a small item pool containing 200 items, a 48-block grid (six
levels of a and eight levels of b) was used. For two larger item pools contain-
ing 313 and 580 items, a 96-block grid (eight levels of a and twelve levels of b)
was used. These sizes were chosen somewhat arbitrarily. An optimal grid size
should produce comparisons more favorable to the partial search technique.

Table 1 shows timing statistics for both Owen's full search technique and
the rapid search technique in three item pools. The basic item pool from which
these items (actually item statistics) were drawn was a real pool of 569 items
(McBride & Weiss, 1974). The 313-item pool consisted of those items with b-values
between *3.0 and a-values between 0.4 and 2.8. To evaluate the relative efficiency
of the two search techniques for a current project using a 200-item pool, 200
items were randomly sampled from the 313. The 580-item pool contains the item
statistics obtained from the 313-item pool and 267 additional sets of item
statistics obtained from an earlier calibration of the same items. These three
pools are shown in blocked form in the Appendix.

Table 1
Timing Statistics for Two Search Procedures

No. Grid Average Search Rapid as Time per Item
Items Size Time per Test Percent Evaluation Equivalent
a b Full Rapid of Full (Full Search)
200 0.4 0075 3195 1.071 33.526 574%* 76.932
313 0.3 0.50 5.118 «976 19.080 571% 71.404
580 6.3 0.50 9705 1.020 10512 572% 73.947

*Time per item in microseconds

Columns three and four of Table 1 show time in seconds required by a Control
Data Corporation 6400 computer, using the two procedures, to select 30 items.
These items were selected during a computer simulation of the Bayesian test (see
McBride and Weiss, 1976 for details of the simulation procedure). For each time
value shown in Table 1, 100 testees were simulated, sampling ability levels from a
normal distribution with mean of zero and standard deviation of 1.0. Table 1
shows the average search time required by Owen's full search procedure and the
rapid search procedure to administer a thirty-item test to each simulated testee.
Column six in Table 1 shows the percentage of time taken by the rapid search
procedure relative to the full search procedure. With a relatively small pool
(200 items) to search and a rough grid (6x8), the rapid search technique was
three times faster than the full search procedure. With a larger pool (580 items)
and a finer grid (8%12), the rapid search was almost ten times as fast.
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Another way of comparing the relative efficiency of the two procedures is
by comparing the relative sizes of pools that can be searched in a given time.

Lef:
I = the number of items to be administered
J = the number of items in the pool
E = the number of item evaluations performed
T = the time spent in selecting the I items
t = the time required to evaluate one item

Since at each stage of the test, one item is eliminated and thus not eval-
uated in further searches:

E=J+(J=1)+(J=2)+ «++ +(J=(I-1))
¢I=1)
=IJ- E. i
z=1
e,
== N a [20]
and
t=T/E [21]

The time to evaluate one item in the full search procedures, t, should
be constant across item pools of varying sizes, and, as shown in column seven of
Table 1, is nearly constant with a median of 572 microseconds.

Substituting and rearranging:

—T/(tI)+ %—1

Using .000572 for ¢, 3 for I,
(i.e., the time taken by the rapid
shown in column eight, the size of

using the full search procedure in

(22]

and the time values of column five in Table 1

search procedure) for T
the item ponl that could

the amount of time taken

to effectively search the entire pool. Although the values
of the non-optimal block sizes used, it appears from column
the rapid search procedure, an item pool of up to about 600
in the amount of time required by the full search procedure

results in the values
have been searched

by the rapid search
are crude because
eight that by using
items can be searched
to search a pool of

about 80 items. Since 80 items are probably too few to allow the Bayesian
procedure to perform well with a 30-item test, this means that if time is avail-
able to administer a Bayesian test, then a relatively large item pool can be
used without increasing computer time, if the rapid search procedure is imple-
mented. Since the fidelity of Owen's procedure is a function of the number of
items available from which to choose, given a fixed testing time, the rapid
search procedure will result in higher test validites if a large item pool is

available.

.
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Conclusions

Data presented suggest that the proposed rapid search procedure can accom-~
plish the task performed by Owen's full search procedure as well as the full
search procedure in as little as ten percent of the time when used with item
pools of typical size. There are two practical needs for this time saving: In
live testing, when four subjects are being tested by a minicomputer, a five-
second item search time can result in a presentation latency of up to 20
seconds when all testees respond at once or close to each other. This may be
sufficient time for a testee to get bored and lose interest in the test. In
computer simulations of testing, two weeks is too long to wait for one informa-
tion curve. Three days (a weekend) for two is tolerable.

Three areas ot future research related to Bayesian item pool search
techniques are open. First, relative to the rapid search technique, several
relationships between a, b, and B were assumed but not proved. Although the
relationships seem appropriate, rigorous proofs would be welcome. Second, a
method for determination of the optimal grid size as a function of the item pool
and an assumed prior ability distribution was not developed. This could further
speed up the rapid search procedure. Finally, the degradation in performance of
the Bayesian testing strategy using a simpler item evaluation technique should
be evaluated. It is possible that simply choosing items of the appropriate
difficulty would provide nearly as efficient a test with much less computer
time being required.
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4 Dr. Marsha1l J. Farr, Director
Personiel & Training Research Programe
Office of lavay Kesearch (Code 45¢)
Arlington, VA 22217

1 CiR Erarch Office
495 Suns.er Streect
Boston, I'A 02210
Attn: Dr. Janes Lester

1 OKR Branch Office
1030 Eest Green Street
Pasadera, CA 91101
Attn: Dr. Eugene Gloye

1 CiR Branch Office
536 S. Clerk Strect
Chicago, IL 60805
Attn: Dr. Charles E. Davis

1 Dr. ii. A. Pertin, Scientific Director
0ftice cof Kaval Research
Sciencific Liaison Group/Tokyo
Anerican Enbassy
APQ Szn Francisco 96503

1 Office of Naval Research
Coce 200
Arlington, VA 22217

€ Comranding Officer
Neval Rescarch Laboratory
Ccde 2627
Vzshington, DC 20390

1 LCER Charlcs 3. Theisen, Jdr., MSC, USH
4303
ivaval Air Develooment Center
larnircter, PA 18974

1 Couuanding Officer
L.S. haval forhibious School
Coronado, CA 92155

1 COR Paul D. helson, MSC, US!
naval Medical RID Comacnd (Codc 44)
Natioral heval Medical Lenter
Bethesda, 1'0 20014

1 Conmanding Officer
fiaval Health Research Center
San Diegu, CA 92152
Attn: Library

1 C(heirman, Leacdership & Law Dept.
viv. of Professional Development
U. S. Maval Fcedermy
Anrepolis, KD 21402

i Scientific fevisor to the Chicf
ot tiaval Personnel (Fers Or)
.aval Cureau of Perscnnel
foo 4410, Arlingtcu Annex
iashington, DC 2037C

1 br. Jack R, Lorsting
Provost ¢ hcaceric Dean
U. $. "aval Postgreduate School
iionterey, CA 93940C

1 Mr. Maurice Callahen
HOJAC (Code ?)
Dept. of the Navy
Bida. 2. Vashinoton Havy Yarc
(Anzcostia)
liaskington, DC 20374
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DISTRIBUTION LIST

0ffice of Civilian Personnel
Code 342/02 VAP

Washington, DC 20390

Attn: Dr. Richard J. Niehaus

Office ot Civilian Personnel
Coce 262
Washington, LC 20390

Superintendent (Code 1424)
Naval Postgiraduate School
lonterey, CA 93940

D~. H. M. West II]

Deputy ADCEN for Civilian Planning
and Prograrming (Acting)

Room 2625, Arlington Anncx

Washington, DC 20370

Mr. George N. Graine
Naval Sea Systems Comaund
SEA 047C12

Weshington, DC 20362

Chief of Naval Technical Trainirg
Naval Air Station temphis (75)
Millington, TN 38054

Attn. Dr. Norman J. Kerr

Principal Civilian Advisor

for Education end Training
Maval Trainirg Ccrmand, Code 00A
Pensacola, FL 3250€
Attr: Dr. Killiam L. Faley

Oy, Z3fied F. S578, Birector

Training fnaiysis & Evalueticn Graup

Gerortrent cf the Ravy
Crien.oy FL 32888

Cricf cf tiaval Eluceticn end
Treining Support (C1£)

Ferszzole, FI. 325

aval Lncersce Certer
Cede 203

San Diego, CA 52132
Attn: ¥. Gary Thomson

Havy Perscringl RuD Center
Code 01
San Ciegc, CA 92152

A. A. Sjoholu:, Head, Technical Sugpori

liavy Personnel R&D Center
Code 201
San Diego, CA 92152

Navy Personnel R&D Center
Code 310

San Diecgo, CA 92152

Fttn: Dr. lertin F. Wiskoff

Dr. Robert lorrison

Navy Personnel RE&D Center
Code 301

San Diego, CA 92152

Navy Personnel R&D Center
San Diego, CA 92152
Attn: Library

Navy Personnel RAD Center
San Diego, CA 92152
Attn: Dr. J. b. Fletcher

Armx

Officer-in-Chiroe

Navy Occupatione) Develcpent &
Anelysic Certer (00°C)

Builcira 15C, ''askin~ior tevy Yer

(Fracostia)

\askingten, [C 72274

Dr. John Ford
wavy Perconncl RED Center
San Ciegc, Ca 323%¢

br. lorth Scanlanz
Chief of liaval Educaticen 2 Trainires
LAS, Pensacole, FL 328500

Technical Director

U.S. Amy Rescarch Institute for the
Behavioral & Social Sciernces

1300 Hilson Boulevard

Arlington, VA 22209

Arred Forces Staff College
Norfoll, VA 23511
Attn: Library

Commandant

U. S. Army Infentry School
Fori Cenning, G 31500
Atin: ATSK-I-V-IT

{:— 3' 'I:Xlt

L. S. Arny Institute of fcuinistratio:
retn:  ER

fort Lenjerin Harrison, ii. <8210

Dr. Ralph Dusc

U.S. Prry Researct Institute
13C0 Wilsor Douleverd
Arlingion, VA 22209

Cr. Lenn hawrecti

U.S. friy Boscarch Institute
1300 Yilsen Bouleverd
Arlington, VA 2220

Dr. Joserh kard

0.5 M Loseareh Tnstiluic
1300 Walser boulevara
Arlington. VA 2:009

Dr. Relph Cantur

.S, /\n"_y heseaen Institutc
1300 Wilsen Poilevard
Arlington, Vi ¢Z£08

Dr. James L. Raney

U.S. Arny Research Institute
1300 Wilson Boulevard
Arlington, VA 2220%

De. Milton S. Katz, Chief

Individual Training & Performance
Evaluation Technical Area

U.S. Aray Rescarch Institute

1300 Wilscn Boulevard

Arlington, VA 22209

G USARIUR § 7th Army
Calslirs

USAREUR Director of GED
APU Nevw, Yorh 09403

ARl Field Unit - Leavenwort!
P. 0. Box 3122
Ft. Leavenworth, ¥KS 66027
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6ldg. #1, A310

Attn. AT21-0ED Library

Ft. Benjamin Harrison, IN 46216

ir Force
Resezrch Branch
AFPC/DPMYP
Randolph AFB, TX 78148

AFRRL/AS (Dr. G. A. Eckstrand)
Wrignt-Patterson AFB

Ohio 45433

Dr. Marty Reclway (AFHRL/TT)
Colereds  £025C

Instructional Technologv Branch
AFHRI

Lowrv AFB, CO 80230

ATTN: Major Brian Waters

Dr. Alfred R. Fregly
AFOSR/L, Building 410
Bollin, AFG, BC 20332

Dr. Sylvia R. Meyer (MCIT)
KO Electronic Systems Division

LG Harscom Field
Bedford, A 01730

AFKD! /PE

Stop €3

Lagr s AF TX 76236
Master ne S. Sell2n

( Fersonrel Testing
AF a0

Randolgh AFR, TX 786148

Akir University Librery
AUL/LSE 76-443
Maxwell AFB, AL 36112
Marine Corps

1 Director, Oifice of Manpower
Utilizetion
%, Marine Cerps (Coda IPU)
ECE, Building 2009
Quantico, V/ 22134

1 Pr. A. L. Slafkosky
Scientific Advisor (Code RD-1)
KG, U.S5. Marine Corps
fiashington, OC 20260

Corst Guard

1 Mr. Joseph J. Cowan, Chief
Psychelogicel Research Eranch (G-P-1/62)
U.S. Coast Guard Keadnuarters
Kashinaton, OC 20520

ther DPoD

Dr. Harold F. 0'Neil, Jr.
hdvanced Research Projects Agency
Cyternetics lechnology, Roor €22
1 Vilson BRlve.

Arlington, VA 2220¢

LU(

lir. Frederick 4. Suffa

1
Chief, Recruiting and Retention Evaluation

Office of the Fssistent Secretary cf
Defense, IGKA

Roor. 3L°70, Pertagon

Itachingcten, BC - 26301

DeTense Documentation Center
Camcron Station, Bldg. 5
Alerandria, VA 22314

Attn: TC

tiilitary Assistant for Human Resources

Office of the Lirector of Defense
Research & Engireering

foor: 30129, The Pentagon

llashington, DC 20301

Director, tanacerent Infornation
Systems Office

0SD, M&RA

Room 3031/, the Pentagon

tlashington, DC 2030
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Dr. Lorraine D. Eyde
Personnel R&D Center

U.S. Civil Service Commission
1900 E Street Ni

Washington, DC 20415

Dr. William Gorham, Director
Personnel RZD Center

U.S. Civil Service Cemmission
1900 E Street KU
Washington, DC 20415

Dr. Vern Urry

Persoinel RLD Center

U.S. Civil Service Cummissicn
F280 E Strees &

Washingten, DC 20415

Cr. Andrew K. M'olnar

Science Education Dev. & Res.
nationel Science Foundation
washington, 0C 20550

U.S. Civil Service Commission
Federal Office Building

Chicago Regional Staff Division
Regional Psycholegist

230 S. Dearborn Street

Chicago, IL 60604

Attn: C. S. Winiewicz

Dr. Joseph L. Young, Director
Memory & Ccgnitive Processes
National Science Foundation
Washington, DC 20550

Dr. John R. Anderson

Lept. of Psychology

Yale University

hew taven, CT 06520 v

Dr. Scarvia B. Anderson
Educational Testing Servicc
Suite 1040

tr. Samuel Ball
Ecducaticnal Testina Service
Princetcr, 1J 03540

Dr. Gerald V. Barrett
University of Akron
Dept. of Psychology
Akron, OH 44325

Dr. Bernard If. Bass
University of Rochester
Graduate School of Managenent
Rochester, WY 14027

Dr. John Seeley Prourn

Bolt Beranch and l'cvircn, Inc.
50 Moulton Street

Canbridce, i 02132

Dr. Forald F. Carver

Scheol of Eduvcaticn

University of Missouri-Kansas City
5100 Rockhill Poed

Kansas City, MO 64110

Century Reseerch Corporation
4113 Lee lichway
Arlington, VA 22207

Dr. Kenneth E. Clark
College of Arts & Sciences
University of Rochester
River Carmpus Station
Rochester, NY 14627

Dr. Norman Cliff

Dept. of Psychology

University of Southern California
University Park

Los Angeles, CA 90007

Dr. Allan M. Collins

Bolt Beranek and hewrman, Inc.
50 Moulton Strect

Cembridge, MA 02138

Dr. John J. Collirs
ctesex Corporation

6305 Caminito Estrcllece
San Dieac, CA 9212C

Dr. Rere V. Devis

Dept. of Psycholog;
Univeirsity of !linncsota
Minneapolis, It 55455

Cr. Ruth Day

ept. of Psychclogy
Yalc University
2 Hillhouse Avenue
New Haven, CT 0C%20

Cr. Marvin D. Dunnette
Dept. of Peycholoqgy

University of Minnesota
Minncapolis, MU H6455

ERIC Facility-Acguisitions
4833 Rugby Averue
Lethesda, MD 20014

tajor 1. N. Evonic
Canadian Torces Perscnrel

3445 Peachtree Poad NE ferdied Feerrren Unie
! Dr. Pobert You 3 Atlanta, GA 30326 1167 Averue 1000
2 vanced fesearct Projects Agency Toronto, Ontarfo, CENADE
; . ML Profescor Earl A. Alluisi
Arlincton, V. 22202 Coce ¢C7
3 '] Dept. o017 Psyclalcpy
" 01d Derinion University
! ] Norfolk, VA 235CC
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Dr. Richard L. Fergusor

The American Ccllege Testing Progran

P. 0. Box 168
lowa City, 1A 52240

Dr. Victor Fields
Cept. of Psychology
tanigomery Collene
Rockville, MD 20850

Dr. Edwin A. Fleishmen

Advanced Research Resources Organization

8555 Sixteenth Street
Silver Spring, MJ 20910

Dr. John R. Frederiksen
folt Beranck & Newman, Inc.
50 Moulton Street
Cambridge, MA 02138

Dr. Robert Glaser, Co-Director
University of Pittsburgh

3939 ('Hara Street

Pittsburgh, PA 15213

Dr. Ii. D. Havron

Human Sciernces Research, Inc.
7710 Cid Spring rouuse Road
lhest Cole II.J‘._“.";:] Fark
Mcleen, VA 22101

Cr. Duncan Hansen

Scheol of Education
Memphis State University
Memohis, Th 38118

Huran Resources Resecrch Crganization

Pace Bivd. at feirfield Drive
Pensacola, FL 32505

HumRRO/''estern Division
27857 Eerwick Drive
Carrel, CA 93321

Attr.: Library

“umP"0/Columbus Office
Suite 23, 2601 Cross Country Drive
Columbus, GA 31900

Dr. Lewrznce B. Joknscn

Lawrence Jchnson & Associates, Inc.

Suite 502
2001 S Street NW
Kashingten, DC 2000S

Br. Porir A, faufren

203 Codd Hal

Fleris: Sizte Univercity
iallshasses, FL 223Cc

Lr. Steven V. Keele
Liept. of Psycholoay
iniversity ¢f Cregon
tugene, OR 97403

Dr. bavid Klahr

Dept. of Psycholoay
Carneqgie-Hellen University
Pittsburgh, PA 15213

Dr. Alma k. Lantz

University of Denver

Denver Research Institute
Industrial Econorics Division
Lenver, €O £021C

bie. W, E. Lassiter

Pata Solutions Corp.

Suite 211, 6849 01d Dominion Drive
Mclean, VA 22101

Or. Frederick M. Lord .
Educational Testing Service
Princeton, NJ 08540

Mr. Brian McNally
Educational Tlesting Service
Princeton, NJ 08540

Dr. Ernest J. McCormick

Departnent of Psychological Sciences

Purdue University
Lafayette, IN 47907

Dr. Robert R. Mackie

Human Factors Research, Inc.
6780 Corton Drive

Santa Barbtara Research Park
Goleta, CA 93017

Dr. William C. Mann

University of So. California
Information Sciences Institute
467€ Adriralty Way

Marina Del Rey, CA 60291

ke, Bdnongd (arks

304 Grange Bldg.

Pennsylveria State University
University Fark, P4 168(2

Dr. Leo lunday
Houghton Mifflin Co.
P. 0. Box 1970
Iewz City, IA 52240

Richard T. Mowday

College of Business Administration
University of Nebraske, Lincoln
Lincoln, NE 6856C

Dr. Donald A. Norman
Dept. of Psycholocy C-009

University of California, Sen Diego g

La Jolla, Ci 92093

Fr. Luigi Petrullo
2437 L. Edgewooud Street
Arlington, VA 22207

Dr. Lyman I!. Porter, Dean
Gradudate School of Administration
University of California

Irvine, CA 92717

Dr. Dianc M. Ramsey-tlee

R-¥ Research & Systen Design
3947 Ridgeront Drive

NMalitu, CA 90200

R.Cir. li. Pauch

P11 4

Burdesministerium uer Verteidigurg
Postfach 11

E3 bonn 1, CEPVALY

Or. Joseph V. Rigncy

University of So. California
Cehevioral Technology Laboratorics
3717 South Grang

Los Angeles, CA 90007

Dr. Andrew M. Rose

Arerican Institutes for Rescarch
1055 Thomas Jefferson SL. W
Washington, DC 20007

Dr. Leonard L. kesenbaum, Chaivian
Pept. of Psychology

lientgonery Collece

Pockville, MU 2G350

Dr. Benjamin Schneider
Dept. of Psychology
University of Maryland
Ccllege Perk, MD 20742

Dr. Mark Reckase

University of Missouri-Columbia
Dept. of Educ. Psychology

12 Hill Hall

Columbia, MO 65201

Dr. Robert J. Seidel

Instructional Technology Group,
HumRRJ

300 N. Washington St.

Alexandria, VA 22314

Dr. Richard Snow

Stanford University
School of Education
Stanford, CA 94305

lir. Cenuis J. Sulliver.

c/v Cenyon Research Croup, Inc.
32107 Lindero Cerycn Poad
Wwestlake Village, (A 9lsel

Dr. Keith Wescourt

Dent. of Psychology
Stanford University
Stanford, CA 9430%

Dr. Anita West

Denver Pesearch Institute
University of Denver
Denver, CO 20201

Dr. Earl bunt

Dept. of Psycholon,
University of Fashingtor
Seattle, UR 92109

Dr. Thomas G. Sticht

Assoc. Director, Basic Skills
National Institute of Education
1200 19th Street Nw
Washington, DC 20208
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